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plasma endotoxin and prostaglandin F2 metabolite levels. Acta vet. scand. 2006,
47, 55-68. –Endotoxemia in bitches with pyometra can cause severe systemic effects di-
rectly or via the release of inﬂammatory mediators. Plasma endotoxin concentrations
were measured in ten bitches suffering from pyometra with moderately to severely de-
teriorated general condition, and in nine bitches admitted to surgery for non-infectious
reasons. Endotoxin samples were taken on ﬁve occasions before, during and after
surgery. In addition, urine and uterine bacteriology was performed and hematological,
blood biochemical parameters, prostaglandin F2 metabolite 15-ketodihydro-PGF2
(PG-metabolite), progesterone and oestradiol (E2-17) levels were analysed. 
The results conﬁrm signiﬁcantly increased plasma levels of endotoxin in bitches with
pyometra and support previous reports of endotoxin involvement in the pathogenesis of
the disease. Plasma concentrations of PG-metabolite were elevated in pyometra bitches
and provide a good indicator of endotoxin release since the concentrations were signif-
icantly correlated to the endotoxin levels and many other hematological and chemistry
parameters. The -globulin serum protein electrophoresis fraction and analysis of PG-
metabolite can be valuable in the diagnosis of endotoxin involvement if a reliable, rapid
and cost-effective test for PG-metabolite analysis becomes readily available in the fu-
ture. Treatment inhibiting prostaglandin biosynthesis and related compounds could be
beneﬁcial for bitches suffering from pyometra.
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Introduction
Pyometra (chronic purulent endometritis) is a
common, metoestral disease mainly affecting
middle-aged and older bitches (Hardy and Os-
borne, 1974,  Egenvall et al., 2001). Clinical
symptoms are well described and derive from
the site of infection (purulent vaginal discharge,
abdominal pain) and more systemic effects
(lethargy, depression, anorexia, polyuria, poly-
dipsia and vomiting) (Hardy and Osborne,
1974). Traditionally, the safest and most satis-
factory treatment of pyometra is ovariohys-
terectomy (Nelson and Feldman, 1986). The
bacteria, predominantly isolated from the uter-
ine content of affected bitches are Gram-nega-
tive Escherichia coli (Fransson et al., 1997). 
Endotoxin (ET), lipopolysaccharide parts of the
cell wall of Gram-negative bacteria, is released
into the circulation when the bacteria grow or
are destroyed. ET has many biological proper-
ties and is thought to be responsible for the sys-
temic symptoms of pyometra in bitches
(Åsheim, 1965, Børresen, 1975, De Schepper etal., 1987, Goodwin and Schaer, 1989). In mod-
erate dose, ET causes leukocytosis, fever, vom-
iting, depression and decrease in food con-
sumption, whereas more severe effects are
progressive hypotension leading to shock and
high rates of mortality (Hardie, 1995, Panciera
et al., 2003). It has been demonstrated that ET
is involved in the pathogenesis of pyometra
with higher levels measured in non-survivors,
indicating that plasma ET could be evaluated
presurgically in order to optimise the treatment
(Wessels and Wells, 1989, Okano et al., 1998).
Other studies, however, have not been able to
consistently conﬁrm increased plasma ET lev-
els in pre- or postsurgical blood samples from
bitches with pyometra (Børresen and Naess,
1979, Fransson et al., 1997). 
Prostaglandins originate from arachidonic acid
and have many important roles in reproduction
and inﬂammation (Bottoms et al., 1983, Kin-
dahl et al., 1976, Fredriksson, 1984). Uterine
tissue is known to synthesise and release
prostaglandins during inﬂammation and mainly
prostaglandin F2 (PGF2) (Heap and Poyser,
1975). The release of PGF2 can be followed
by measurement of its more stable main circu-
lating metabolite 15-keto-13,14-dihydro-PGF2
(PG-metabolite) (Granström and Kindahl,
1982). According to previous studies, PG-
metabolite is also a reliable and sensitive
marker of ET release in cattle, pigs and goats
(Fredriksson, 1984, Fredriksson et al., 1985,
Holst et al., 1993). It has been shown that the
concentrations of PG-metabolite are highly ele-
vated in bitches with pyometra and decrease
signiﬁcantly after ovariohysterectomy (Vande-
plassche et al., 1991, Hagman, 2004). The im-
portance of prostaglandins in pyometra in
bitches remains to be further studied.
The aims of this study were 1) to evaluate
whether levels of endotoxin and PG-metabolite
are elevated in pyometra bitches with moder-
ately to severely depressed general condition,
and 2) to explore if the endotoxin levels are cor-
related to PG-metabolite levels, hematological
or serum biochemistry parameters possible to
use as markers of endotoxin release. We
achieved this by monitoring the levels of endo-
toxin in plasma on ﬁve different occasions be-
fore, during and after performing ovariohys-
terectomy in bitches with pyometra compared
with a control group. Furthermore, we corre-
lated levels of endotoxin with severity of clini-
cal symptoms, bacteriological ﬁndings and
hematology and blood biochemistry proﬁles. 
Materials and methods
Animals
The present study was approved by the Uppsala
County Local Ethical Committee. The ten
bitches with pyometra of eight different breeds,
mean age 7.6 years (range 5-12 years), were
clinically examined and diagnosed at the De-
partment of Small Animal Clinical Sciences,
Faculty of Veterinary Medicine, Swedish Uni-
versity of Agricultural Sciences, from May
2001 to August 2002. The presumptive clinical
diagnosis was based on case history, clinical
signs and ultrasonography or radiography, or
both. The diagnosis was veriﬁed by gross ex-
amination of a pus-ﬁlled uterus during and after
the ovariohysterectomy. Inclusion criteria met
by the ten bitches with pyometra were moder-
ately to severely depressed general condition,
impaired circulation, fever, hypothermia or ab-
normal appearance of visible mucous mem-
branes. 
Nine intact bitches of different breeds, mean
age 7.4 years (range 2-10 years), admitted to
surgery for non-infectious reasons were used as
a control group. These cases included one spay-
ing, two ruptured crucial ligaments, one ampu-
tation of an injured ﬁrst phalanx, one dislocated
proximal interphalanx joint, one removal of a
subcutaneous lump on the hind limb, two tu-
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of the bitches in the control group had any re-
cent history of clinical symptoms commonly
associated with pyometra nor had been previ-
ously medically treated for the disease. 
Clinical status 
The clinical status of all bitches was deter-
mined according to standard procedures. All
control bitches had an unaffected general con-
dition. The general condition of the bitches
with pyometra was determined to be moder-
ately or severely affected. Impaired circulation
was deﬁned by at least one of the following pa-
rameters: pulse rate >120 beats min-1, de-
creased distal limb temperature and capillary
reﬁll time exceeding two s. Post surgical macro-
scopic examination of the uterus and ovaries
was performed to conﬁrm the diagnosis and aid
in determining oestrous cycle stage.
Anaesthetic protocols
Premedication was administered subcuta-
neously 30 min before general anaesthesia was
induced. The administered drugs and number
of patients treated with each drug are shown in
Table 1. General anaesthesia in all control
bitches and eight of the pyometra bitches was
induced with intravenously administered
propofol (Rapinovet®, Schering-Plough Inc.,
Farum, Denmark) and maintained by inhalation
anaesthesia with isoﬂurane (Isoba vet®, Scher-
ing-Plough Inc., Farum, Denmark), N2O and
O2. In the remaining two pyometra bitches (P2,
P9) general anaesthesia was induced and main-
tained with diazepam (Stesolid®, Alpharma,
Stockholm, Sweden) and ketamine (Ketalar®,
Pﬁzer Inc., Täby, Sweden) with the additional
intramuscular administration of buprenorphin
hydrochloride (Temgesic®, Schering-Plough
Inc., Brussels, Belgium). Intravenous ﬂuid ther-
apy (Ringer-acetat, Fresenius Kabi, Uppsala,
Sweden) was administered to all pyometra
cases but none of the controls before, during or
after surgery.
Bacteriological examinations
Samples for bacteriological examination of the
uterus were obtained immediately after ovario-
hysterectomy. A 1x1-cm section of the uterine
wall was aseptically removed, placed in a sterile
vial and kept at +4°C before culturing (within 1
h, but on one occasion after 16 h). The uterine
biopsy samples were cultured on blood agar
plates and on lactose bromcresol purple agar
plates overnight in 37˚C. Isolated bacterial
strains were identiﬁed by standard techniques
(Holt et al., 1994).
Urine was collected during surgery through
cystocenthesis into a sterile syringe. The urine
was then immediately poured onto agar dip-
slides (Uricult®, Orion Diagnostica, Espoo,
Finland) designed to isolate the most common
human urinary tract pathogens, and cultured for
16-48 h at 37°C. If there was visible bacterial
growth, the agar slides were transported to the
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Table 1. Number of bitches that received respective
subcutaneous premedication in the control group and
the pyometra bitches.
Premedication Controls Pyometras
Acepromazinea 82
Atropineb 43
Buprenorphinumc 66
Carprofend 53
Glycopyrrolatee 57
Haloperidolf 22
Metadonhydrochloridg 44
aPlegicil vet®, 0.025 - 0.060 mg kg-1, Pharmacia Animal
health Inc., Helsingborg, Sweden;  bAtropin®, 0.01 - 0.02
mg kg-1, NM Pharma Inc., Stockholm, Sweden;
cTemgesic®, 0.01 - 0.02 mg kg-1, Schering-Plough Inc.,
Farum, Denmark; dRimadyl®, 3.9 - 4.0 mg kg-1Orion
Pharma Inc. Animal Health, Sollentuna, Sweden;
eRobinul®, 0.05 - 0.01 mg kg-1, Meda Inc., Solna, Sweden;
f Haldol®, 0.025 - 0.050 mg kg-1, Janssen-Cilag, Sollen-
tuna, Sweden; g 0.025 - 0.40 mg kg-1, Pﬁzer Inc., Täby,
Sweden. National Veterinary Institute (SVA), Uppsala,
Sweden, for identiﬁcation as above. 
Blood sampling and analyses
Blood samples for biochemical, hematological,
hormonal and PG-metabolite analysis were
taken from the cephalic vein, immediately be-
fore surgery in EDTA, heparin and serum Va-
cutainer® tubes (Becton-Dickinson, Stock-
holm, Sweden) after clipping, washing with
soap and water, rinsing with water and sterilis-
ing the anterior midradial aspect of the foreleg
with alcohol. Biochemical and hematological
analyses were performed using routine methods
at the Department of Clinical Chemistry,
Swedish University of Agricultural Sciences,
Uppsala, Sweden. 
Endotoxin sampling and analyses
Concentrations of endotoxin in blood plasma
were measured on ﬁve different sampling occa-
sions before, during and after the surgery. Sam-
ples were obtained as follows: 1) before induc-
tion of the general anaesthesia (after
premedication), 2) during skin incision, 3)
when the uterus was removed, 4) during skin
suturing and 5) the day after surgery. In the con-
trols the samples were obtained as in the bitches
with pyometra but with the exception of blood-
sample 3) sampled during the major part of the
surgical procedure performed. Endotoxin-free
needles and tubes containing sodium heparin
(EndoTube ET®, Hemochrome AB, Gothen-
burg, Sweden) were used to collect the blood
samples for endotoxin analysis from the
cephalic vein prepared and sterilised as above.
After sampling, the endotoxin tubes were im-
mediately placed on ice, and centrifuged. The
serum was then transferred by autoclaved
pipettes to 4-ml endotoxin-free glass tubes,
frozen and stored at -20˚C. Only sterile, pyro-
gen-free equipment was used. All samples were
transported in a Styrofoam box with ice clamps,
and arrived within 4 h at the Scan Dia Labora-
tory Services, Charlottenlund, Denmark, where
the endotoxin analyses were performed. The
samples were analysed twice (all samples in
one batch) using a kinetic turbidimetric Limu-
lus amoebocyte lysate (LAL) assay previously
used for ET determination in dogs (Børresen
and Naess, 1980,  Food and Drug Administra-
tion, USA, 1987, Wessels et al., 1987, Wessels
and Wells, 1989, Fransson et al., 1997). 
Hormone analyses
For analysis of PG-metabolite, progesterone
and oestradiol-17, sodium heparin plasma
was stored at -20°C until assayed at the depart-
ments of clinical sciences, division of compar-
ative reproduction, obstetrics and udder health
and clinical chemistry, Swedish University of
Agricultural Sciences, Uppsala, Sweden. A ra-
dioimmunoassay (RIA) was used, as previously
described, to analyse 15-Ketodihydro-PGF2in
duplicates (Granström and Kindahl, 1982).
Progesterone was analysed using an enhanced
luminescence immunoassay (Immulite, Diag-
nostic Products Corporation, Los Angeles, CA,
USA). Plasma oestradiol concentration was de-
termined using a modiﬁed double antibody RIA
kit (Diagnostic Products Corporation, Los An-
geles, CA, USA). 
Statistical analyses
Statistical analyses were performed with the
programme Statistica (Version 6.0, StatSoft
Inc., Tulsa, USA). A repeated measures
ANOVA was used to test for differences in en-
dotoxin means by patient group (control and
pyometra) with sampling occasion of endotoxin
level in plasma as repeated measures variable.
A second repeated measures ANOVA was per-
formed to test for differences in endotoxin
means by general condition and sampling occa-
sion within the pyometra patient group. Un-
paired t-tests were used for group-wise com-
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endotoxin means of antibiotic-treated and un-
treated bitches. Pearson’s product moment cor-
relation coefﬁcient (rP) was calculated between
endotoxin concentrations, PG-metabolite con-
centrations, other blood chemistry parameters
and body temperature. Signiﬁcance was ac-
cepted at P<0.05 for all statistical tests used in
this study. 
Results
Clinical symptoms, oestrous cycle stage and
bacteriological ﬁndings
The ten pyometra patients were moderately to
severely depressed, lethargic and anorectic, and
had a purulent vulval discharge. Vomiting, de-
hydration, abnormal visible mucous mem-
branes and polydipsia were also, but more
rarely, described. The bitches of the control
group demonstrated various symptoms related
to their diagnosis, but with unimpaired general
condition and bright and alert attitude as judged
by the veterinary surgeon in charge. 
All of the bitches with pyometra were in metoe-
strous according to case history, postsurgical
clinical examination of the ovaries and blood
levels of progesterone and oestradiol. They
were admitted to the clinic 10-65 days after the
beginning of vaginal bleeding, according to the
owners. One of the bitches from the control
group was presented in anoestrous and eight
were in metoestrous.
Escherichia coli was isolated in pure culture
from nine of the ten pyometra uteri, the remain-
ing specimen yielded no bacterial growth.
Abundant growth of Escherichia coli was iso-
lated from the urine samples of two of the py-
ometra bitches, but all other urine samples
showed no bacterial growth. From the control
bitch that was ovariohysterectomised, all bacte-
rial cultures were negative.
Plasma endotoxin, blood biochemical and
hematological parameters, and PG-metabolite
levels
The mean endotoxin levels (of all sampling oc-
casions) were 28 pg ml-1 (range 14 to 52 pg ml-
1) in the control group and 49 pg ml-1 (range 20
to 123 pg ml-1) in the pyometra group. The
two-way ANOVA showed that there was a sig-
niﬁcant (P<0.01) effect of the occurrence of py-
ometra on endotoxin levels, but no effect of
sampling occasion was apparent. Bitches suf-
fering from pyometra had signiﬁcantly higher
plasma levels of endotoxins (mean of all sam-
pling occasions) than control bitches (unpaired
t-test, P<0.05). However, if sampling had taken
place on only one occasion, no signiﬁcant dif-
ference in mean endotoxin levels between the
two patient groups would have been detected
for the samplings before surgery (ET 1), during
skin incision (ET 2) or the day after surgery (ET
5)(unpaired t-tests). In spite of differences in
these mean values (Fig. 1), these were not sig-
niﬁcantly different because of a large variation
in the data. However, samples taken during
surgery (ET 3) or skin suturing (ET 4) showed
a signiﬁcant difference in mean endotoxin lev-
els between the two patient groups (unpaired t-
test, P<0.05). The results conﬁrm that endo-
toxin levels are elevated in pyometra bitches,
but that the variation in endotoxin levels be-
tween individuals is large in both patient
groups. Signiﬁcantly higher plasma concentra-
tions of PG-metabolite were also demonstrated
in the pyometra bitches compared with the con-
trols (Fig. 2). There was no signiﬁcant effect of
the severity of the clinical symptoms within the
pyometra patient group when the values of the
three bitches with severely deteriorated general
condition were compared with the other seven
moderately affected patients (two-way
ANOVA). 
Endotoxin concentrations (means of the ﬁve
sampling occasions) were signiﬁcantly corre-
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packed cell volume (PCV), lymphocytes, albu-
min and -globulin concentrations (rP = 0.54, -
0.51, -0.52, 0.45, -0.45 and 0.70, respectively).
PG-metabolite was correlated to a larger num-
ber of the measured parameters and generally
with higher rP (Hb -0.64, PCV -0.62, WBC
0.82, band neutrophils 0.75, segmented neu-
trophils 0.75, bile acids 0.54, albumin -0.74, al-
bumin/globulin ratio -0.76, monocytes 0.73,  -
globulins 0.82, -1 globulin 0.55). With the
exception of bile acids and albumin, parameters
indicating liver and kidney functions (urea, cre-
atinine, glucose) were not signiﬁcantly corre-
lated with the endotoxin or PG-metabolite con-
centrations. Mean values of the biochemical
and hematological blood parameters are pre-
sented in Table 2. Toxic granulocyte appear-
ance was observed in seven of the pyometra
cases but absent from the control group. 
Antimicrobial treatment
In our study seven of the pyometra bitches and
four of the controls were treated with antibi-
otics before or during surgery. Endotoxin levels
in bitches treated with antibiotics did not differ
signiﬁcantly (before or during surgery) from
those receiving no antibiotics as tested in the
control group, pyometra group and in all
bitches in the study (unpaired t-test).
Discussion
Endotoxemia
In the present study we conﬁrmed that bitches
suffering from pyometra had signiﬁcantly
higher levels of plasma endotoxin than control
bitches, but there was a large variation of the
data between individuals. The ET levels in the
present study are in the same order of magni-
tude as previously measured by Okano et al.
(1998), but lower than was reported by Wessels
and Wells (1989) who measured endotoxin lev-
els in 15 bitches with pyometra (mean value be-
fore surgery 438 pg ml-1, range 91-956 pg ml-
1). It is difﬁcult to compare the present study
with their results since no clinical status of the
examined bitches was described other than de-
termination of non-survivors and survivors. 
Reference plasma endotoxin values for healthy
dogs have previously been reported within a
range of 2.3 to 53 pg ml-1 (Wessels et al., 1987,
Isogai et al.,1989, Okano et al.,1993, Okano et
al., 1998). In normal physiological conditions,
a small amount of ET originating from intesti-
nal bacteria is continuously absorbed into the
portal circulation and then modiﬁed by the hep-
atic reticuloendothelial system and eliminated
(Fox et al., 1990). In human non-febrile pa-
tients, however, endotoxin should not be de-
tectable in the plasma (Van Deventer et al.,
1987). 
In the present study six of the bitches with py-
ometra and two of the controls endotoxin con-
centrations >75 pg ml-1 was noted on at least
one sampling occasion. These levels implicated
a poor prognosis (death) in the study by Okano
et al. (1998). In spite of having high levels of
ET, all of the bitches in the present study sur-
vived. In humans endotoxin levels above 10 pg
ml-1 are closely correlated with clinical symp-
toms of septicemia, but humans are more sensi-
tive to ET than dogs (Van Miert and Frens,
1968, Van Deventer et al., 1987, Goodwin and
Schaer, 1989, Fox et al., 1990). 
The variations in ET levels between different
studies of pyometra probably depend on study
design, i.e. sampling procedures and case selec-
tion. Correct sampling technique and handling
of the plasma samples is important in order to
avoid contamination or binding of the ET to
plasma proteins or sampling materials (Warren
et al., 1985, Tobias et al., 1986). Differing re-
sult between studies (and even sample occa-
sions) may also depend on timing and the fact
that the ET is cleared within minutes from the
circulation (Van Deventer et al., 1987, Fox et
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advantage in the evaluation of endotoxemia
compared with analysis at only one point in
time. As a result of rapid ET clearance, sys-
temic effects in the pyometra bitches occur only
when the neutralising and detoxifying capacity
of the liver is exceeded (Okano et al., 1998). In
this study the pyometra bitches were selected to
have moderately to severely depressed general
condition i.e. more prone to be affected by en-
dotoxemia. The biological effects of endotoxins
in vivo also depend on the susceptibility of the
host (Galanos et al., 1988). Higher ET suscep-
tibility could explain why there was no differ-
ence in ET levels in the bitches with severely
depressed general condition when compared
with those that were moderately depressed. The
suggestion that endotoxin measurement before
surgery (with treatment adapted accordingly)
could improve the survival rates in severely af-
fected animals seems relevant if a quick and
cost-effective method for analysis of endotoxin
was available (Okano et al., 1998). Since in-
creased levels of plasma ET initiate the synthe-
sis and release of inﬂammatory mediators other
reliable, longer-lasting and more stable ET-in-
duced cytokines could be clinically useful as
possible markers of the effect of previous ET
release or as targets for treatment (Wardle,
1975, Weiss, 1995). 
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Table 2. Prostaglandin F2 metabolite, body temperature, hematological and blood chemistry data of the 19
bitches studied. P-values denote results of unpaired t-tests for differences between the two groups.
Control Pyometra P-value
n Mean ± SD Range n Mean ± SD Range
PG-metabolite (nmol l-1)a 9 0.9 ± 0.6 0.2-2.1 10 9.8 ± 7.1 0.8-24.7 0.002
Temp (˚C)b 8 38.4 ± 0.47 37.6-39.0 10 39.2 ± 0.6 38.4-40.2 0.006
Hb (g l-1)c 9 143 ± 20.5 116-184 10 117 ± 25 83-162 0.024
PCV (%)d 9 0.39 ± 0.05 0.33-0.48 10 0.34 ± 0.07 0.23-0.46 0.066
WBC (_109 l-1)e 9 8.0 ± 2.2 5.4-12.1 10 30.2 ± 18.4 8.0-75.2 0.002
BN (x109 l-1)f 9 0.0 ± 0.0 0.0-0.0 10 8.3 ± 7.2 0.0-24.1 0.003
SN (_109 l-1)g 9 5.8 ± 1.4 4.1-8.8 10 14.8 ± 9.1 5.2-35.3 0.009
Lymp (_109 l-1)h 9 0.97 ± 0.45 0.4-1.6 10 1.8 ± 1.8 0.3-6.0 0.221
Mono (_109 l-1)i 9 0.7 ± 0.3 0.3-1.4 10 4.8 ± 4.1 0.6-12 0.008
Urea (mmol l-1) 9 4.3 ± 1.6 1.3-7.1 10 3.7 ± 1.4 1.3-5.8 0.410
Crea (_mol l-1)j 9 73 ± 17 46-102 10 68 ± 14 51-90 0.468
Glu (mmol l-1)k 8 5.7 ± 1.4 3.9-8.3 6 5.1 ± 1.0 4.1-7.0 0.358
BA (_mol l-1)l 8 2.3 ± 1.5 0.5-5.0 10 6.0 ± 4.2 1.2-13.6 0.033
Prot (g l-1)m 8 62 ± 6 53-70 9 68 ± 7 54-79 0.062
Alb (g l-1)n 8 28 ± 5 23-35 9 19 ± 3 12-22 0.000
A/Go 6 1 ± 0 0.5-0.9 9 0 ± 0 0.2-0.6 0.000
Alpha-1 (%)p 8 6 ± 3 2-8 9 6 ± 1 5-7 0.624
Alpha-2 (%)p 8 7 ± 3 4-11 9 10 ± 2 7-15 0.029
Beta-1 (%)p 8 7 ± 2 4-10 9 11 ± 4 4-18 0.011
Beta-2 (%)p 8 8 ± 2 6-11 9 9 ± 2 6-14 0.331
Gamma (%)p 8 6 ± 2 3-9 8 12 ± 3 8-16 0.000
a PG-metabolite= prostaglandin F2 metabolite; bTemp= body temperature; cHb = hemoglobin; dPCV = packed cell volume; 
e WBC = white blood cell count; fBN = band neutrophils; gSN =segmented neutrophils; hLymp = lymphocytes; iMono =
monocytes jCrea = creatinine; kGlu = glucose; lBA = bile acids; mProt = total serum protein; nAlb = albumin; oA/G = albu-
min/globulin ratio; pAlpha-1, Alpha-2, Beta-1, Beta-2, Gamma = respective serum protein fraction.Patients admitted for other types of surgery
were used in the present study as a control
group, thus eliminating the use of experimental
animals. A potential caveat was that these pa-
tients suffered from other conditions that may
have inﬂuenced our results. On some sampling
occasions ET concentrations were indeed ele-
vated in a few of the bitches in the control
group, compared with levels previously re-
ported in healthy dogs (Wessels et al., 1987,
Isogai et al.,1989, Okano et al.,1993, Okano et
al., 1998). Fransson et al. (1997) also detected
plasma ET in one case of cystic endometrial hy-
perplasia (without bacterial infection) and two
healthy control bitches. The increased levels of
ET in control bitches could originate from an
unknown site of Gram-negative bacterial infec-
tion, be gut-derived or accidentally contami-
nated samples. Whether treatment with differ-
ent antimicrobials leads to increased or
decreased endotoxin release has been studied
with conﬂicting results (Shenep and Mogan,
1984, Tsumura et al., 2003). In our study there
was no effect of antimicrobial treatment on
measured endotoxin levels. Intravenous ﬂuids
were administered solely to the pyometra
group, possibly decreasing the differences in
ET concentrations between the control group
and the pyometra bitches somewhat by dilution.
Prostaglandin F2a -metabolite
The parameter that was correlated to ET levels
and most other features was PG-metabolite.
Since PG-metabolite is an accurate measure-
ment of ET-induced prostaglandin synthesis
and release in other species, the detection of
PG-metabolite could be helpful in detecting en-
dotoxemia in dogs. The metabolite is stable in
plasma in comparison with ET and does not
tend to bind to proteins and materials like ET,
and the assay is more cost-efﬁcient than the pre-
sent method for ET analysis. Unfortunately, a
method is not yet available and cost-effective
for routine use in veterinary clinics. Serum pro-
tein g-globulin fraction was strongly correlated
(0.70) with ET levels. This means that if serum
protein electrophoresis is performed in bitches
with pyometra, the -globulin fraction also can
indicate the degree of ET involvement. 
The levels of PG-metabolite in the bitches with
pyometra was signiﬁcantly higher (mean value
9.83 nmol l-1 (3.2 ng ml-1)) compared with the
bitches in the control group (corresponding
mean value for the eight metoestral control
bitches was 0.86 nmol l-1 (0.3 ng ml-1)). The
PG-metabolite levels measured in the control
group was in the same order of magnitude as
previously reported for healthy bitches (Vande-
plassche et al., 1991). In pyometra, endometrial
synthesis of prostaglandins is most likely initi-
ated by the uterine bacterial infection (Heap
and Poyser, 1975, Vandeplassche et al., 1991,
Hagman, 2004). Treatment aiming at inhibiting
the synthesis and release of prostaglandins and
related compounds to temper the signs of endo-
toxemia, as has been shown in cows and dogs,
would probably be beneﬁcial for the well-being
and improve the clinical status of bitches suf-
fering from pyometra (Fletcher and Ramwell,
1977, Odensvik and Magnusson, 1996).
Bacteriology
The detection of Escherichia coli in nine of the
ten pyometra uteri was expected. The culture
negative case had 7.3% band neutrophils
(WBC 21.4×109 l-1) plus toxic granulation of
the neutrophils which indicates that an infec-
tion with Gram-negative bacteria had been pre-
sent (Fransson et al., 1997). Bacteria (E. coli)
were also isolated from the urine of two of the
ten bitches with pyometra. The ﬁnding of iden-
tical or similar strains isolated from both the
urinary tract and the uterus of pyometra cases
has previously been demonstrated (Sandholm et
al., 1975, Hagman and Kühn, 2002). 
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The results from hematological and biochemical
analyses of the pyometra group were in accor-
dance with what is considered typical in bitches
with pyometra (Børresen, 1980). The increased
fractions of serum proteins in the analysed
bitches with pyometra are likely to reﬂect an in-
creased synthesis of acute phase proteins and
antibodies in response to the bacterial infection
and inﬂammation. The toxic effects on granulo-
cytes in seven of the pyometra cases conﬁrm the
inﬂuence of toxins in pyometra. Though some
of the pyometra bitches were polyuric at the on-
set of the study, there was no kidney failure
judged by the normal serum urea and creatinine
levels in all bitches. In two of the ten pyometra
bitches bile acid concentrations were elevated,
which could result from an intrahepatic
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Figure 1. Plasma endotoxin levels in the control group and the pyometra bitches measured at ﬁve different sam-
pling occasions; ET 1 = before general anaesthesia, ET 2 = during skin incision, ET 3 = after removal of the
uterus/major part of the surgical procedure, ET 4 = during skin suturing, ET 5 = the day after surgery, ET X =
mean endotoxin levels of all sampling occasions. Error bars represent 1 SE of the mean. The endotoxin levels
were signiﬁcantly (P<0.05) higher in the pyometra bitches for sampling occasion ET 3, ET 4 and also for ET X.
Figure 2. Signiﬁcantly (P<0.05) higher concentrations of 15-ketodihydro-PGF2-metabolite (PG-metabolite)
were measured in plasma sampled before surgery in the pyometra group compared with control bitches. Error
bars represent 1 SE of the mean.cholestasis previously demonstrated in pyome-
tra bitches (Børresen and Skrede, 1980). In pigs
elevated bile acids (and PG-metabolite levels)
are seen as a result of experimentally injected
ET and can be explained by cell damage of the
hepatocytes, prostaglandin-induced impaired
liver function and metabolism and slow bile
ﬂow (Holst et al., 1993, Holst, 1994 for review). 
In conclusion, the present study conﬁrms eleva-
tion of plasma endotoxin levels in bitches with
pyometra. These results support the suggestion
that treatment aimed to block the biological ef-
fects of endotoxins could be beneﬁcial for
bitches with pyometra. In addition, plasma con-
centrations of prostaglandin F2 metabolite are
elevated in pyometra bitches and can possibly,
as can the serum protein electrophoresis -
globulin fraction, be used as an indicator of pre-
vious endotoxin release. 
Acknowledgements
This study was ﬁnancially supported by the Agria In-
surance Research Foundation and the Swedish Ken-
nel Club Research Foundation, Sweden. The authors
would like to thank P. Snoeijs for statistical analysis
of the data and A. Gerentz-Bohlin and L. Abersten
for excellent help with collection of the samples.
Valuable comments on the manuscript were made by
C. Greko, S. Sternberg and B. Ström Holst. 
Sammanfattning
Pyometra hos tikar ger förhöjda plasmanivåer
av endotoxin och prostaglandin F22 metabolit. 
Hos tikar med pyometra är förekomsten av bi-
ologiskt aktivt endotoxin (cellväggskomponen-
ter från Gram-negativa bakterier) i blodet den
troliga orsaken till många allvarliga kliniska
symptom. Vi mätte endotoxinnivåerna i plasma
på 10 tikar med pyometra och måttligt till
kraftigt nedsatt allmäntillstånd, dvs. mer troliga
att ha endotoxinemi. Som kontrollgrupp använ-
des 9 tikar med opåverkat allmäntillstånd, oper-
erade för icke-infektiösa lidanden. För att öka
möjligheten att påvisa endotoxinerna som van-
ligen endast förekommer en kort stund i blodet
togs prover för endotoxinanalys vid fem
tillfällen före, under och efter utförandet av
ovariohysterektomi. Dessutom utfördes bakte-
riologisk odling av livmodersekret och av urin-
prov, blod- och serum biokemiska analyser,
samt analys av plasmanivåer av progesteron,
östradiol och prostaglandin F2 metabolit (PG-
metabolit). Resultaten av denna studie påvisar
signiﬁkant högre halter av endotoxiner i plasma
hos tikar som opereras för pyometra jämfört
med kontrollgruppen. Genomsnittliga endotox-
innivåer för alla provtagningstillfällen var 49
pg ml-1 (range 20-123 pg ml-1) i pyometra-
gruppen och 28 pg ml-1 (range 14-52 pg ml-1)
hos kontrollerna. Plasmakoncentrationerna av
PG-metabolit var också signiﬁkant förhöjda
(genomsnittsnivån i pyometragruppen var 9.83
nmol l-1 och i kontrollgruppen 0.86 nmol l-1).
PG-metabolit-nivåerna korrelerade med endo-
toxinnivåerna (genomsnitt av samtliga prov-
tagningstillfällen) och var också den parameter
som korrelerade till ﬂest andra blodvärden och
kliniskt kemiska analyser (hemoglobin, hema-
tokrit, totalantalet vita blodkroppar, stavkärniga
neutroﬁler, segmentkärniga neutroﬁler, gallsy-
ror, albumin, albumin/globulin kvot, mono-
cyter,  -globuliner,  β-1 globulin fraktionen).
Analys av PG-metabolit kan troligen fungera
som en indikator för förutvarande endotox-
inemi eftersom PG-metabolit är relativt mer
stabil i plasma och analysen pålitlig och kost-
nadseffektiv. Framtida behandling för att
hämma biosyntesen av prostaglandiner kan öka
välbeﬁnnandet hos tikar med pyometra.
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